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biological effects depend on: absorbed dose rate, but also on
treatment fractionation, radiation quality, cell characteristics, cell 
environment, end points, … 

the question: 
can absorbed dose and biological effects be 
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relative biological effectiveness (RBE) 
ratio between absorbed doses delivered with two radiation 
qualities that result in the same effect in a given biological system,  
under identical conditions

one of them a 
reference, usually 
60Co

•

importance of the end points
•cell survival (monolayer / spheroids / matrigel)
•chromosomal aberrations
•molecular damage to DNA (simple- / double-strand breaks)
•other molecular end-points (tumor microenvironment / metastases)  

not only cell type or 
radiation quality
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RBE of neutrons 
for a given radiation quality, 
depends markedly with
•dose
•biological system
•effect

RBE   as D    •

IAEA, TRS-461, 2008

RBE of neutrons
varies significantly with energy
(for clinical fast neutron beams)
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what about wR?

wR = 5� 20

chosen by ICRP
wR = 1 for low LET radiations
wR for other radiations according to RBE

ICRP 60 (1991) ICRP 103 (2007)

Q factor
(U.S.NRC)
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IFMIF-DONES 
•neutron (and deuteron) beams available will open the possibility 
of  analyzing situations never investigated before 

•thus complementing the radiobiological information that can be 
obtained by using the nearby electron clinical accelerators and X-
ray irradiation facilities 

•but measurements with different endpoints are required

IFMIF-DONES would provide an invaluable 
opportunity to expand our knowledge 

about the cell response to both neutrons 
and deuterons
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From my point of  view, and as I have learned preparing this 
meeting, people from radiobiology, medicine, biology, 
chemistry, ... know almost nothing about IFMIF-DONES and 
are, probably for this reason, very reluctant to participate and 
contribute their knowledge 

It is necessary to make known the opportunities that IFMIF-
DONES can offer to these other communities that are, a priori, 
far from the project 



Thanks for your  
attention

Santa Catalina Castle 
Jaén

La Alhambra 
Granada


